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This report presents the results of cumulative-fatlgue-damage tests
made on 607 specimens machined from alclad 75S-T6 aluminum-alloy sheet
0.064 inch thick and 198 specimens of alclad 24S-T3 and alclad 75S-T6
aluminum-alloy sheet 0.032 inch thick. The tests of the 0.064-inch-thick
specimens consisted of 35 different loading conditions and the tests of
the 0.032-inch materiasl consisted of 13 different loading conditions.

The stress amplitudes used were nominally 116,000 and +17,000 psi,
+16,000 and +30,000 psi, 16,000 and 160,000 psi, 30,000 and 40,000 psi,
end 130,000 and 160,000 psi.

The cumilative~damage ratio was calculated as the sum of the ratios
of the numbers of cycles applied at the different stress levels to the
number of cycles at the same stress level that would cause failure.
Seventy-two percent of the average cumulative-damage ratios were within
twenty percent of unity, and forty percent were within ten percent of
unity. The smallest average cumilative-damage ratio of a group of four
gsimilar specimens was 0.568 and the largest, 1.440. The cumulative-
damage ratios for the 0.032-inch-thick material showed no systematic
variation from those for the 0.064-inch material.

INTRODUCTION

Adreraft structures in service are subJected to stresses of varying
amplitudes. It is desirsble, therefore, to lnclude the effect of varying
stress amplitude in tests for determining the fatigue life of aircraft. ’
It 1s known (refs. 1 and 2) that, for some ferrous materials, a sequence
of stresses of fluctuating amplitude produces pronounced effects on the
fatigue properties of these materials. The effects of understressing,
overstressing, "coaxing," and sequence loading have been investigated
for ferrous materiels (refs. 3 to 7). Relatively little work of this
type, however, has been done on high-strength aluminum alloys.

Several theories have been advanced In an effort to obtain a rela-
tionship between the number of cycles of stress at different stress levels
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and. the cumilative fatigue damage. Miner (ref. 8) assumed the amount of
cunulative fatigue damage under repeated loads at a given stress level
to equal the number of loading cycles applied at that stress level
expressed. as a percentage of the number of cycles to failure at that
stress level. A review of previous work led Richart and Newmark (ref. 9)
to assume the existence of a damage -~ cycle-ratio relation during the
process of forming a fatigue crack at any overstress. The relastionship,
in the form of experimentally determined curves, 1s used to predict damage
and failure. Wallgren (ref. 10) assumed a modified expression of the
cunulative-damege hypothesis of reference 8 in considering that the sum
of the cycle ratios at failure can exceed or fall below unity depending
on the material and cycle pattern.

The National Bureau of Standards, under the sponsorship and with
the flnancial assistance of the National Advisory Committee for
Aeronautics, undertook a program of cumulative-fatigue-damage tests on
high-strength aluminum-alloy sheet materials to obtain sufficient experi-
mental evidence to determine the usefulness of Miner's method described
in reference 8. The present investigation was performed in two parts.
The first part consisted of tests of 0.06k-inch-thick alclad 75S-T6
aluminum-alloy rolled sheet specimens. The data obtalned compare cumula-
tive fatigue damage over a wide range of stress-—cycle histories. The
second part consisted of tests of 0.032-inch-thick alclad 24S-T3 and
0.032-inch-thick aleclad 75S-T6. The results of these tests are included
to show the effect on the cumulative demage ratio of:

(1) Stress amplitude
(2) Sheet thickness
(3) Material

(%) Mean stress

The authors wish to express thelr appreciation to the staff of the
Engineering Mechanics Section of the Nationsl Buresu of Standards for
their assistance on this work. Partlicular thanks go to Mr. Timothy
O'Connor for his assistance on the tests and to Mr. Samuel Levy and the
late Mr. A. E. McPherson for their advice, assistance, and encouragement.

DESCRIPTION OF MACHINES

The tests were performed on two nominally identical lever-type fatigue
testing machines (fig. 1) designed and comstructed at the National Bureau
of Standards (ref. 11). These machines operate at a nominal speed of
1,000 rpm and are capable of automatically applying a periodic sequence
of loads of two amplitudes for various predetermined loading patterns.

The eccentric crank (fig. 2) is placed in either of two predetermined
positions by means of a compressed-air actuated linkage. The air valves
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are controlled through a sulteble circult closed by mlcroswitches. After
the preset number of cycles has been reached, a disk with lugs driven by

a gear reduction box (fig. 3) actuates the microswitches. Specimens are

tightly clemped between the Jaws and are axislly loaded. A desired mean

stress is obtalined by sultably setting the position of the lever relatiwve
to the midpoint of its excursion before the specimen 1s clamped. ILoad

is measured in terms of bending strain in the lever by means of two wire

resistance strain gages located near the extreme fibers of the lever.

The output from these gages is passed into a modified SR-4 circuit

(ref. 12) which drives a cathode-ray oscillograph. This circuit gives a

continuous indication of the force-time relationship in the specimen.

SPECIMENS AND TEST PROCEDURE

The specimens for the cumilative-fatigue-damage tests were machined
from alclad 755-T6 aluminum-alloy rolled sheet 0.064 inch thick and from
alclad 24S-T3 and alclad 758-T6 aluminum-alloy sheet 0.032 inch thick.
The static properties of the materials are shown in figure L.

The specimens were machined to the shape shown in figure 5. Lubri-
cated steel guldes (ref. 13) were used to prevent the specimens from
buckling during the compression half of the loading cycle.

Since the effects of cumilative damage on the fatigue 1life of alu-
minum alloys may be small, it was felt that extreme care should be used
to obtain as consistent fatigue data as possible. In an effort to

achieve consistent data the followlng fundamental varisbles affecting
scatter were considered:

(2) The homogeneity of the material from which the specimens were
made

(b) The consistency of the machining technique used to menufacture
the specimens

(¢) The actual size of the specimens after machining, with particular
emphasis on the area of the reduced section

(d) The general appearance of the surface of the specimen immediately
before testing with regard to any scratches, nicks, or other accidentally
introduced stress-raisers

(e) The magnitude and distribution of the stress applied to the
reduced section of the specimen

In addition to these varisbles there are, no doubt, many other
factors which influence the fatigue life, such as corrosion, systematic
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(but unknown) variations in the testing machines, and variations in
testing technique. The test program was designed to control the above
variables as well as possible.

To minimize variations in the results, all specimens in a given
test group were machined from the same sheet of material. A test group
consisted of 16 specimens selected from a batch of 22 machined simulta-
neously. Before testing, each speclmen was visuelly exemined for any
obvious stress-raisers and if such were found the specimen was rejected.
The two outslde specimens of each batch, which were burred as & result
of machining, were always discarded. Corners of the reduced section of
each specimen were rounded lightly by hand with No. O emery paper.

The strain distribution across two typical specimens was checked
with Tuckerman optlical straln gages dwuring the course of the tests and
was found uniform to within 1 percent. The calibration of the machines
was checked after each test group. The calibration constants did not
change more than 1.5 percent between callbrations. The dynamic load was
measured on each specimen and on most speclmens at least twice during
the test. The assembly of specimen, guides, peper, and lubricants was
a modification of that described in reference 13. For the first tests,
performed at stresses of 30,000 and *40,000 psi, the paper was omitted
and extreme care taken to eliminate possible binding of the guldes with
the specimen. This method was discarded and the following procedure

adopted for the remaining tests.

Two strips of copy peper 1 inch wide were soaked for 5 minutes 1n
SAE 40 motor oil. The guide blocks and specimen were covered with a
thin coat of Andok M-275 cup grease. The greased blocks were clamped
against either side of the specimen with the oiled paper between guide
and specimen. The clamp was tight enough to prevent the specimen from
8liding under normal hand pressure. The assermbly remained clamped for
at least 5 minutes to allow grease to squeeze out that would otherwise
come out during the. course of the test. The guldes were loosened,
adjusted, and locked. Guides on all specimens were adjusted so that
when the specimen was held vertically the guide would not slide under
its own weight but would slide under the additional weight of a O.l4l~pound
jig. The weight of the guide assembly was 0.49 pound. Figure 6 shows
a typilcal specimen ready for test.

The cycle pattern for a given group of tests specifies the number
of cycles which the testing machine automatically epplies at the first
of the two amplitudes for which it is set before switching to the other.
The order of tests in each complete test group of 16 specimens for a
given cycle pattern was as follows: .

(1) A test at the higher stress
(2) A dual-load test applying the higher stress first
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(3) A test at the lower stress
(4) A dual-load test applying the lower stress first

This sequence of tests was repeated four times. As a check on pos-
sible changes in testing technique of a particular operator with time,
one out of every four specimens was tested by an alternate operator.

METHOD OF ANALYSIS

Fatigue tests were performed on 805 specimens in 52 test groups.
A normal test group consisted of 16 tests, 4 each to failure at the
higher and lower stresses and 8 cumilative-fatigue-damage tests, 4 with
the higher stress applied first and 4 with the lower stress applied first.
In some cases a test group was used to check or duplicate earlier tests
and thus show the scatter between groups. In a few other cases a single
test group was used for two loading conditions.

The data were analyzed using Miner's theory (ref. 8). This theory
assumes & linear relatlionship between the amount of damsge done to the
material at a certain fatigue stress and the number of cycles applied at
that stress. It assumes that previous stress history has no effect on
the linearity of the relationship. It can be shown that, using these
assumptions, the amount of damage done to the material by fatigue
stressing at various stress amplitudes can be expressed by:

n n
—l-+-ng+...+31-'-=Z—i-= (1)
Ny Np N 3210y

where

ny total number of cycles of stress applied to material at ith stress

Ny number of cycles at ith stress alone that would cause failure

D cumlative-damage ratio, a value of unity representing failure

according to Miner .

When only two stresses are considered, equation (1) becomes

(S (o) - @
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:E ng totael number of cycles of higher stress

2 oy, total number of cycles of lower stress

Ng cycles to failure at higher stress
Ny, cycles to fallure at lower stress
ng cycles at high stress in a cycle pattern
ny, cycles at low stress in a cycle pattern

For these tests Ny and Ny are averaged values of cycles to

failure derived from the four tests to fallure at the higher and lower
stresses, respectively. ~

RESULTS

Tests of 0.064-Inch-Thick Alclad 75S-T6 Aluminum Alloy

Six hundred and seven specimens of 0.064-inch-thick alelad 758-T6
aluminum alloy were tested in thirty-nine test groups and thirty-five
different loading conditions. The results of these tests are shown in
table 1. Teble 2 is a summary of these results.

Nominal-stress-amplitude combinations of +30,000 and +40,000 psi,
430,000 and +60,000 psi, +16,000 and +60,000 psi, +16,000 and +17,000 psi,
and $16,000 and +30,000 psi were used for the tests.

The cycle patterns were chosen from the equation

€ = _E§Z§E_ (3)

to cover a range of values of ¢° and thus to show any systematic varia-
tion of D with different ratios of high-to-low cycles in a cycle pattern.
Figure 7, taken from typical data, shows that there is no systematilc
varlation with different ratios of high-to-low cycles.
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The average value of D for similar tests (usually four) in a
test group ranged from 0.603 to 1.440. The value of D for individual
specimens ranged from 0.375 to 1.911. The average deviation of tests
to failure at a single stress was of the same order as the average devia-
tion for the cumlative-damage tests. Test groups 12, 13, 1k, and 15
were tested at nominal stress levels of 30,000 and +60,000 psi with iden-
tical cycle patterns. Average values of D ranged from 0.805 to 0.879
for tests in which the low stress was applied first and from 0.729 to
0.896 for tests in which the high stress was applied first. The scatter
of these values for the same cycle pattern suggests that four repetitions
(of the sequence of four tests for each test group) are adequate to give
consistent average values of D.

Effects of prior dynamic stressing of some aluminum alloys at one
stress amplitude on the fatigue strength at a second stress amplitude
have been investigated (refs. 14 to 16). The results show a pronounced
increase in fatigue life for certaln loading conditions. The cycle
patterns of test groups 11, 22, 24, 25, 29, and 30 were especially
selected to investigate these effects. 1In test groups 11, 22, 29, and 30,
every specimen except one gave cumulative-damage ratios ebove unity for
tests in which the higher stress was applied first. The average values
of D ranged from 1.074 to 1.440 and the individual values of D ranged
from 0.843 to 1.911; ng ranged from 35.k to 82.9 percent of the life of
the material. There seems to be no systematic variation of D when the
lower stress is applied first or for tests performed at nominal stress
levels of 116,000 and +17,000 psi.

Test group 23 investigated the cumilative-damage effect of short
bursts of a very high stress. These tests were performed at nominal
stress levels of 16,000 and 160,000 psi. For the first group of
cumulative~damage tests L-Hg (table 1(c)) the cyclic sequence was
100,000 cycles at low stress, plus 500 cycles at high stress, plus
100,000 cycles at low stress, plus 500 cycles at high stress, plus
the remaining life of the specimen at the lower stress. The second
group of cumulative-damage tests L-H, followed the sequence of
100,000 cycles at the low stress plus 100 cycles at the high stress.
This sequence was repeated until failure. The value of D was 0.806
and 0.663, respectively.

Figures 8(a) to 8(c) show the effect on D of the length of cycle
pattern. For tests in which the higher stress was applied first an
increase in the consecutive cycles applied tends to increase the
cumilative-damage ratio. There seemed to be no effect on D for tests
in which the lower stress was applied first.

Figure 9l presents the cumulative-~-damsge ratios for all the tests.
Figure 10 is an S-N diagram of the material. The points were plotted
from the data sumarized in table 2 on specimens tested to failure at
one stress amplitude.

Aohe test groups in figure 9 are not listed in numerical order.
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Tests of 0.032-Inch-Thick Alclad 24S-T3
and Alelad 75S-T6 Aluminum Alloy

One hundred and ninety-eight specimens of 0.032-inch-thick aluminum
alloy were tested in thirteen test groups (thirteen different loading con-
ditions) at nominal-stress-amplitude combinations of 16,000 and
+30,000 psi. The results of these tests are presented in table 3 and
are sumarized in table 4. Tests on groups 40 through 45 were made on
alclad 24S-T3 and tests on groups 46 through 52 were made on alclad T5S-T6.
Figure 11 shows that there is no appreciable variation in the cumilative-
damsge ratios obtained from the two materlals.

The cycle patterns were chosen from equation (3) so that the values
of D for the 0.032-inch material could be compared with those for the
0.064-inch material.

The average value of D for these tests varied from 0.568 to 1.218.
The value of D <for individual specimens in this series ranged from 0.381
to 1.h422.

Figure 12 presents an S-N diagram of the materials used. The points
were plotted from the data in table 3 for specimens tested at one stress
amplitude.

-~ DISCUSSION

A comparison of average values of the cumulative-damage ratio D
for the 0.032~inch-thick material with a few average velues for the
0.064-inch material is shown in table 5. There is no apparent variation
of D with sheet thickness.

Table 5 also shows that, for test groups of comparable cycle patterns,
D 1is about the same for tests performed at mean stresses of O0- and
20,000-psi tension.

The largest average cumulative-damege ratio obtained for a group of
four similar specimens was 1.440 in test group 29 and the smallest, 0.568
in test group L4l.

From the data of tables 2 and 4, the fatigue life can be predicted,
using Miner's cumulative-damage  ratio, to within 20 percent 72 percent of
the time and to within 10 percent 4O percent of the time regardless of

(1) The stress amplitude
(2) The sheet thickness
(3) The alloy

(4) The mean stress
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Although the present tests indicate relatively little deviation
from a cumulative-damage ratio of 1 at failure, it must be remembered
that all the tests have been conducted under conditions of nominally
uniform stress. For specimens having stress concentrations it is likely
that high tensile stresses will cause permanent set and result in benefi-
cial residual stresses in the neighborhood of the stress concentration.
For subsequent cycling at lower loads of the same type, an improvement
in 1life may therefore be expected.

CONCLUDING REMARKS

Cumulative -fatigue-damage tests were made on 607 specimens of
0.06k-inch~thick alclad 75S-T6 aluminum alloy in 35 different loading
conditions and on 198 specimens of 0.032-inch-thick alelad 24S-T3 and
alclad 75S-T6 aluminum alloy in 13 different loading conditions. The
data presented indicate that, when the materials are stressed as described,
the life can be predicted to within 20 percent 72 percent of the time
and to within 10 percent 40 percent of the time, using the assumption
that the damege is proportional to the ratio of the mumber of cycles
applied at any stress to the number of cycles at the same stress that
would cause failure. :

There does not seem to be any systematic variation of the afore-
mentioned conclusion with

El) The stress emplitudes used
2) The sheet thickness used
(3) The alloy used

(4) The mean stress applied

There appears to be an increase in the cumulative-damage ratio with
an increase in cycle ratlo for tests in which the higher stress was applied
first. There seems to be no effect, however, for tests in which the lower
stress was applied first. The cumulstive-damsge ratios for these tests
were, in general, less than unity. :

Natlonal Bureau of Standards,
Veshington, D. C., March 16, 195k4.
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TAHLE 1.~ CIMDLATIVE-FATTGUE-DAMAGE EESULERS FOR 0.O64-ILCH-THICK ALCLAD T58-T6 ALUMINUM ALLOY
[)\hs.n stress, g
(a) Daxinal stresses, 150,000 erd 140,000 pei

Load High stress Iow stress Cyules to Cumilativa-darmage Deviation
Specdmen mqunme(_) =t Xt fadlmre rstdo, D ma ,,tg o,
a
Test group 13 cycle pattern, 7,000 cycles high and 20,000 cycles low
n16 H ok 12,780 0.978 2.2
mn-80 b: ¢ 3‘32:1 14,920 J..ms. 13%
B2k E 9 11,970 .9 .
n-28 " 3.0 12,620 .95 3.5
kv, TH29 35,070 1.000 .1
n-18 L 430.8 ﬂ,m 1.02% 2.4
m-22 L +30.5 » 9D 2.7
e L Sus | e 13% 1.0
D A
Av. 1%3 53, 1.000 B
n-1T H-L o1 +30.5 29,550 1. 2.6
n-2L 1, 3.2 31.0 30,710 1.1 5.2
=25 E-L tha.9 130.8 28,150 1.000 12.0
=-30 E-L R %% i}%;} 1.2&7 ﬁ';
Ve . B ), I3 .
=19 L-H Ho.7 +30.8 26,570 .879 | 9.3
25 L-E +h2.8 +30.8 590 .880 5.2
27 L-E 3.0 430.9 26,650 .885 3.7
o1 1-H %&_ .0 . 2.032 12,
Av. 5 R 5500 -519 N
Test group 2; cycle pattern, 10 cycles high and 30 cycles low
64 b: 152.5 14,820 0.969 3.1
-T2 E 1.5 14,580 .95% k.7
=-T5 b 1.6 15,640 1.022 2.2
n-T8 b4 581.6 16 ;oo _:;_% -6
Av. TR.IB 15, . ﬁj
n-54% L -6 k1,950 .588 1.2
=S 27 | 22 2 53
o= - -
»-T9 L in. k10 1.109 10.
kv, tilg %,15 1.000 55
n-56 H-L 3.0 3.5 5,% .800 3
o-60 B-L o3 +31.6 28, .859 7.6
n-65 H-L Ekg.a t}z.rst 2,330 -T2 2-8
o0=-T3 H-L N 3. . .1
Kv. ﬁ% fg‘}ﬁ Zf% "% &0
=T I-H g 3.3 33,200 g 1.9
a-Th L-H He.s +31.7 x, . -9
:gn'r I-H 31.8 3.5 34,230 1.016 .s
1I-E 1. 5. 1.110 .
Av. ’ESI.% Eﬂ.g ,150 1.0iF }g.'g
Test group 33 cycle pattern, 1,000 cycles high and 4,000 cycles low
n-16 b: Hhe.y 12, 0.978 2.2
n-20 b3 3.1 ﬂ,g 1.19.;% 1g.i
m-2% S y . .
28 h:4 ih3.0 620 -965 .
Av. Ez}_g IS",orro ~000 %‘E
»-18 L 130.8 54,430 1.02% 2.k
o-22 L 130.5 EL, -9 2.7
= : 5 e $7S 10:0
L R 1. .
= Av. N %ﬁg 1.000 B
n-ko EL 3.1 #31.1 30,220 %27 T 1.8
o-k6 H-L +he.5 3.0 33,350 1.051 9.2
o EL g ok | e e s
L R . . .
- Av. Ee’? %_z 30,570 _% 5.
o L-E 3.2 131.2 53,540 977 2.1
m—?; 1§ 2oy £50.9 25,650 ) 1.6
49 I-H 2.6 :51.5 ,ggg 916 2.0
1-H e, .0 g, -89 .
=52 Av. :Eie—.g 2 , “5T Egg

8 H, high stress only; L, low stress only; H-L, high stress first folloved by lov siress, eto.;
L1-H, lov stress first followsd by high stress, ete.
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PARLE 1.~ CUMULATIVE-FATIGUE-DAMAGE RESULPS FOR O.O06h-INCE-THICK ALCLAD T5S-T6 AUMAINGM ATLOY - Continued

(a) Nominal stresses, 130,000 and +40,000 psi - Continued

Load Deviation
Specimen sequence BIghk::reﬁB, Low ;‘;”’ W;’J" to &ml;&:—d;m@a from average D,
(a)
Test group 4; aycle pattern, 10,000 cycles high and 40,000 cycles low
o83 H .1 15,740 1.061 6.1
n-88 H th2.0 15,180 1.023 2.3
m-g.é : ¢ ::ae.z 14,520 979 g.h
). H . 1 -9% N
Av. B2 X 1%, 1,000 w2
n-85 L +31.6 k1,550 .919 8.1
n-87 L +31.% k7,810 1.057 5.;5(
b r iy v 2o
- - - .
Av. ;5%% ) 1,000 5B
-84 H-L th2.0 +31.5 b27,150 1.0%% 2.
n-89 B-L ih2.4 +%1.8 32,580 1.17% 16.
m-92 H-L 42,1 331.6 21,980 .939 6.8
n-97 H-L he, 3.8 19,460 _.883 12.
Av. 2.2 T 25,290 1.007 13.
n-86 L-E th2.1 3.7 ©39,%00 .92l 11..0
n-90 L-E th2.3 tm.g 53,210 1.101 6.5
n-95 L-H - ﬂeg +31. 1;1,950 1.016 2.8
n-99 I-E 1. 3. 200 1.100 .
av. BET &2 | 2 T :
Test group 53 cycle pattern, 10 aycles high and 90 cycles low
N m-104 B 0.4 17,560 1. 5.4
m-108 : ¢ 40.4 b1 . %
Av. ThO ig,g-{o 1.000 .
m-106 L +30.1 53,300 1.017 1.7
n-110 L +30. 51,480 1_@2 1.
Av. .2 52,390 000 .
m-103 B-L ﬁtg :Bog 38,530 -89 3
n-109 B-L . 30. . .2
Av. Tho B 30.7 ,630 % 3
m~103 I-E ::g *}o.g 39,440 .k 1.1
m-107 I-E . 130. . 1.2
Av. ﬂ?‘g 30. 7 ,990 % 0.2
Test group 63 cycle pattern, 100 cycles high and 900 cycles low
x-1a B .8 15,620 0.966 3.4
x-5a : th.4 16,310 1.009 .9
x-%a h:4 ::1.1@ 1.2,’1-50 1.golg 1.3
x-13a H 1. I 1. .
Av. EEl.g 15,110 1.000 "]
x~33 L +31.0 50,580 1.012 1.2
x-~Ta L 130.8 ?;,790 1.097 9.g
x-11a L +30.8 ,390 872 12.
x-1ka L +%0. 1.019 1.
Av. f;o"-%. ) 1.000 N
x-2a H-L ih.3 +30.9 3h,700 .8k1 6.6
x-6a. H-L .0 +30.6 5,050 851 5.4
x-iz H-L ::1.2 :30.7 1,@ ﬁ 12.2
X H-L 1. .0 . .
Av. E'rg . 37,130 500 ®1
x-la L-B 1.5 130.9 7,960 Kk 1.5
x-8a L-H Hi.2 130.7 ,990 1.040 k.9
x-12a I-H tﬁ%} +30.7 Lk, 9%0 1.085 9-3
x-15%a -H .0 ;2.2 010 _.920 1.
Av. H15 -9 %:%6 L59L IT.3
~ 2 H, high stress only; L, low stress only; H-L, high stress first followed by low stress, etc.;

I-H, los stress first followed by high stress, etc.
bpcoidantally changed to low load at 9,560 cyoles.
Spccidentally changed to high loed at 38,300 cycles.
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TARLE 1.- CUMILATIVE-FATIGUZ-DAMAGE RESULFS FOR O.06%-INCE-FHICK ALGIAD T58-T6 ALUMINUM ALLOY - Contimusd

(a) Hominal stresses, 30,000 apd $40,000 pai - Comtinued

Ioad Deviation
High stress stress Cyoles Curalative-dacags
Speoizen sequence st Low PO tailzzr:o mtt.io, D from average D,
(a)
Test group T; cycle pattern, 1,000 cycles high and 9,000 cycles low
x-1% h:4 31.5 n,g 29;9. g.l
x-23a H 1.2 13 -0; .1
x-2Ta E ﬁu.g 12:% -972 2.8
x-20 H h1. 13, 1l.0% k.
Av. - 5, 1. -9
o L i 258 103 i
x5 : :31% 5,280 L0686 6.6
X, N - .
Av. &3 %,31.0 o .
x-203 E-L 1.5 +30.9 §3,550 1.135 2.3
x-2ha XL 4.8 3.0 40,160 1.021 7.9
e 5 botws ob prig et !
x L . . . .
Av. E!Eg 9 Eﬁ% 1.109 .3
x-18a LI-H 1.3 130.8 3,720 TR 1.2
x-22a L-H .3 +30.8 28,170 .665 17.0
x-26a L-H Hah 30.8 36,700 .889 1.0
x-3¢ L-E 1514 .8 250 -860 4
K. TR, %B’ ¥ ) B
Pest groump B3 cycle pattern, 20 cycles high and 30 cycles low
5 F 3 Yoo et 5o
x-! 520 .0
x-108 B .3 gfom 1.108 10.8
x:g: g 31.7 ,gho 1.08% 8.k
x. 1. 12 83 17.
Av. m,g 15,5%0 000 'Eng
x-36 L 130.2 ﬁ,ﬁ&o 834 16.6
% b o5 W00 /5 i
x- . 1.2
x-168 L 130.5 59:250 1.255 24.5
x-19¢ L . 1.062 6.2
Av. %‘% Ts 1600 53
x-28 B-L th.k 130.0 18,230 . 7.8
x-6a L Ha.7 +30.3 a;aao g 1.5
x-1ka E-L Hl. 130.2 19,;33 -T52 1.7
x-18e B-L . .2 20 _% 2.k
av. BT = 57 s o
x-he L-H 1.1 +30.0 259,630 .990 1.5
x-Ba L-H Hl.k 130.2 18,820 27 18.2
2-164 L-H 1.3 +30.1 21,880 845 k.9
x-150 I-E th.5 130.2 26,130 1.010 13.6
x-200 I-E 1.0 .8 22 _% 1.
K. 3 50.1 23,010 B .0
Test group 9; cycla pattarn, 200 cycles high and 300 cyclas lov
x-1% : the.1 13,720 0.589 1.
x-17 E 179 15,140 981 15
x-21b E +41.9 17,220 1.116 1.6
x-251 p:1 gl_.g 1 1.00 1.
Av. Thl. 5 1. 3
x-15b L +50.2 535,280 955 6.7
x-190 L 3.1 56,330 -987 1.
ey L 1.1 59,610 1.0k u.g
o 110 1. .
Av. L %fc‘)ﬂb’ 000 %6
x-14b BE-L h1.9 +31.5 1 . 2.6
x-18 E-L 151, 130.8 231% 1.% 12.1
x-22b E-L Hl. +3:.0 22,600 .826 1.0
x-26b H-L 5.8 +30. 620 1.11 20.6
Av. g 5 %fh‘ﬁ . 053
x-16b L-E 1.6 +30.9 22,910 832 %8
X~200 1-H 19 +%0.8 25:%0 .98 6.5
x-2kb L-E +h2.0 t31.2 23,060 .865 3
x-280 1-K .6 +320.8 846 2.8
Av. 1.8 N ,500 &8 BE

8 H, high ctress omly; L, low stress only; B-L, high stress first folloved by low stress, eto.; L-H, lov stress
firet followed by high stress, ets.
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TABLE 1.- CUMULATIVE-FATIGUE-DAMAGE RESULTS FOR O.064-INCE~THICK ALCLAD T5S-T6 ALUMINUM ALLOY - Continued

(a) Nominal stresses, 30,000 and 40,000 psi - Concluded

Load Deviation
Speotnan | sequence | Héh Strese, | Tov stress, | Qreles to | Ommilative-damae | ooy 'averege D,
(a) percent
Test group 10; cycle pattern, 2,000 cycles high and 3,000 cycles low

x-1d i the.1 12,000 0.786 21.4
*x-9d B 1.3 15,910 1.042 k.2
x=-134 H 1.6 17,980 1.178 17.8
x-1le )i t];u.G 15,;28 .995 .5
*x~20d. H . 15, -939 .1
Av. EEl.g 15,270 1. 8.8
x-3d L +30.8 47,950 .887 11.3
x-Td L +31.0 55,470 1.026 2.6
x-11d L +30.9 55, 1.028 2.8
x-154 L +30.9 57,370 1.061 6.1
x-18a L i31.1 _.999 .1
Av. ¥30. , 1.000 6
x~24, E-L the.2 +31.2 20,300 .65 2.5
x-6d B-L t41.5 +30.8 20,920 .806 8.0
x-104 H-L 1.3 +31.0 16,730 673 9.8
x-1kd E-L hi.5 +30.8 21,990 .876 17.%
x-21d H-L .k +30. 15,800 .612 18.0
Av. TH1.6 1%0.9 19,150 . Th6 111
x-4d L-E h1.3 +30.8 22,170 . 786 16.4
x-84 L-E 1.3 +30.9 28,940 1.049 11.6
x-124 L-H ihi.2 +%0.8 28,460 1.018 8.3
x-163 I-H 31.3 130.1 21,880 % 16.3

x-15d L-H 1. £30.9 1 1. 13.
Av. T3 30.7 %,'1:30 —9%0 3.3

Test group 11; cycle pattern, ,000 cycles high and low to fallure

x-Ac E 1.2 12,510 0.9h42 5.8
x-Ec " .8 11,950 .900 10.0
x-10¢ " +41.9 13,840 1.0k2 k.2
x-13c H 142.0 1k,8%0 1.117 1n.7
av. TILT 13,290 1.000 7.9
x-~-9¢ L +31.0 48,620 .983 1.7
x-12¢ L 131.2 56,010 1.132 13.2
x-15¢ L t}o.g ﬁ,soo .980 2.0

x-1Te L 130. _-905 .
av. 510 1@1’% 1.000 {2‘2
x-Be H-L 1.3 +31.1 21,990 1.050 .2
x-Fe H-L +41.8 +31.0 20,640 1.023 6.7
x-lé.c H-L tllia.o +31.2 22,1513 1.060 2.3
x-16¢ H-L . +30. 1.2 1h.1
Av. BEL0T 31.1 %ﬁm 1. 1

& H, high stress only; L, low stress only; H-L, high stress first followed by low stress, etc.;

L-H, low stress first followed by high stress, etc.
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(b) Fominal stresses, 130,000 and 160,000 psi

TABLE, 1.- COOULATIVE-FATIGUE-DAHAGE RESULAS FOR O.C0S4-IGCH-THICK ALCTAD T5S-T6 ALUMIEUH ALIOY - Coutimued
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® H, high stress only; L, low stress only; E-L, high stress first followed by lov stress, ete.; L-H, low

strese first followed by high stress, etc.
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(b) Bominal stresses, $30,000 and 160,000 psi - Contimied

TABLE 1.~ COXULATIVE-FATIGUE-DAHAGE RESULTS FOR O.O0S4-INCH-THICK ALCLAD T58-T6 ALUMINUM ALLQOY - Continued
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NACA TN 3293

8 H, high stress only; L, lov stress only; H-L, high stress first followed by low stress, etc.; L-H, low

stress firat followed by high stress, ete.
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TABLE ).~ CIMULATIVE-FATIGUE-DAMAGE RESULTS FOR O.064-INCH-THICK ALCLAD T5S-T6 ALUMINUM ALLOY - Continued

(b) Nominal stresses, £30,000 and $50,000 psi - Contirmed
Toad to 1 Deviation
Spectoen | sapemee | M. | levrmem | GEEY | Tt pT | fremerme o,
(s) perceat
Test group 18; cyole pattern, 1,000 cycles high end 24,000 cycles lov
3-2 :d 160.0 3,910 1.122 12,2
3.5 b4 0.2 3,020 856 13.4
5—15 :4 g.h 3,?@5 1.017 1.7
321 S . . .
av. 203 4% o =2
3.1 L *29.% g,m 1.112 1.2
35-6 L +29.h , 550 956 k.4
g_-ll.%. i 9.6 Th, 550 1.123% 122
Av. t2'9:; , T.00 ﬁ‘B
3-3 H-L +60.8 i29.5 29,610 -990 3.2
E-L 0.5 129.6 35,163 1.085 5.9
;g_{ g—i %-5 129.5 29,90 J‘-99!» 2.8
o 253 : I B2
L-H +60.5 +29.% 39,710 -8710 0
3-10 L-E +60.6 129.5 38,710 -856 1.6
gjg 525 129.5 g,% 1 5.2
Test group 19; aycle pattern, 100 cyoles high and 2,500 cycles lov
a1 : ¢ 160.1 2,200 1.067 6.7
515 E 159.6 1,560 gL k.9
i3 z 3 e o by
w507 3% o0 =7
k2 L 129.%5 62,765 1.087 8.7
5o =i | 3% o
L . b2l . 7.'6{
L2 L .6 56,240 . 2.
Av. %3 57,750 1.000 B3
43 E-L 0.2 +29.7 o4, 5k0 -85 18,1
k7 B-L 160.3 +29.9 20,080 1.119 2.8
1 E-L +#61.0 +30.0 30,090 1,124 3.2
7 B-L .0 600 1.2 n.
Av. -0 T 29, 1. o
=3 L-E 150.2 +29.6 32,430 1.157 K
L9 1-H +50.4 mg 27,465 9Th 1k4.9
L1k L-H ﬁ_l +29. 5,950 1.232 g.s
L-H .0 A 1. .0
Av. R 32, Lg5 7.8
Test gromp 203 aycle pattern, 500 cycles high and 57,500 cyoles low
52 ¢ 61.3 1.965 0.91k 8.6
55 b:4 61.6 2,590 1.112 11.2
5-12 h: 4 ﬁ.l 2,160 1.003 .5
51l B . 2,?2 -970 -0
Av. ETE 2,150 1,000 %‘B
5-3 L +31.1 53,450 .920 . 8.0
5-7 L +31.0 45,810 -928 Z.z
;% i 130.8 49,515 i.%sv 10-9
Av. g,g:‘g s I.000 .
54 E-L +30.7 38,083 1.066 3.2
E-L +50.4 7,80 1.023 1.0
5-12 gi b :30.5 38,210 1.125 122
b 50,5 - .
Av. T30.5 y 1. %0
5-5 - +30.6 _‘ 37,605 -880 3.0
-9 L-H 130.4 31,820 -939 3.5
| o : e | T %
Av. ;)2(;:-5 Ts % g_}

8 H, high gtress only; L, lov stress only; H-L, high stress first followved by lov stress, ete.; L-H, low

stress first followed by high stress, eto.
Vpire vms insufficient for dymamic resding. Estimted stress 1s +61.h Xsi.
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TABLE 1.- CUMULATIVE-FATIGUE-DAMAGE RESULTS FOR 0.064-THCH-THICK ALCLAD 758-T6 ALUMINUM ALLOY - Contimisd

(b) Nominal stresses, +30,000 and 160,000 psi - Concluded’

Load Deviation
Spect se e Highk:':ress, Low ;B'I:;r'.:ess, Cyclefw:o Cummr;gx-dgmge E o D,
(a) percent
Test group 21; cycle pattern, 100 cycles high and 7,400 cycles low
12-1 i 163.1 2,930 1.07k T.%
12-3 b: t62.7 2,690 .986 1.k
12-9 : 162.1 2,390 . ggE 12.4
12-13 j: 1.6 2,900 1.063 6.
Av. IF2.% 2,730 1.000 .9
12.2 L +30.9 46,240 .907 9.3
12-6 L +30.8 48,500 951 L.9
12-10 L 131.0 53,810 1.055 5.5
12-15 L £30.8 55,390 1.086 8.6
Av. £30.9 50,990 1.000 .1
12-5 H-L, c) +30.9 30,040 .The 17.6
12-8 BE-L cg 130.3 37,530 .S20 2.2
12-12 H-1 c +30.9 50,240 . 10.8
12-1h B-L c) 1%0.8 %,j@ _g .
Av. $30.7 350 . 500 N
12-h I-H c) +30.7T k9,735 1.18% 22.9
12-7 L-H c) +30.8 37,440 887 T-9
12-11 L-H cg +30.7 29, 3 26.0
12-16 L-H c +31.1 Lk 1.06 11.0
Av. . ,520 .963 7.0
Test group 22; cycle pattern, 1,500 high + low to failure, E-L, and 40,000 low + high to feilure, L-E
1 " +60.9 4,175 1.031 3.1
10 H 0.2 3, .953 L.6
:L;t H +60.2 3,T90 N g.u
1 E . 1.079 .0
Av. %’% ,050 1.000 B5
2 L 129.6 59,980 835 16.5
6 L +29.1 75,070 1.045 k.5
| E - I 2
Av. 129:5 =, T.000 /2
3 H-L +60.1 +29.6 53,210 1.0%90 1.5
T H-L 160.9- +29.3 Ee,aso 1.077 .3
12 B-L +59.9 +29.2 7,090 1.00% 6.4
16 H-L 60. g,;i% 1. k.6
Av. .5 9. 52, 1.07 3.2
L L-E d.; *29.8 k0,660 g 1.7
8 1-H a 129.3 k0,450 . 5.6
13 I-H d) +29.14 40,650 -7 1.3
17 I-E +60.5 +29.6 _% 2.
Av. 129.5 ,610 T 2.

2 H, high stress only; L, low stress only; H-L, high stress first followed by low stress, etc.;
L-H, low stress first followed by high stress, etc.

CTime was insufficient for dynamic reading. Estimated ptress is +62.4 ksi.®
ATime was insufficient for dynamic reading. Estimated stress 1s +60.3 ksi.




(c) Wominal stresses, +16,000 and 160,000 pei

TABLE 1.- CUMULATIVE.-FATIGUE-DAMAGE KESULTS FOR 0.064-TRCH-THICK ALOLAD 758-T6 ALUMINUM ALLOY - Continued

Devliation
from average D,
perceant

H W 0\ou
OO PO B

OO D

AR

j_l
& o B
O IO

Toad
High stress Low stress Cycles to | Cumlative-damage
Speoimen Ee?"‘;‘ma kst ksi | fallure ratio, D
a
Tegt group 23; oycle pattern, 100,000 cycles low + 500 oycles high + 100,000 low + 300 high + low
to failure, L-Hg, and 100,000 aycles low + 100 cycles high + repeat to failure, L-Hp

3.2 H +60.4 3,0%0 1.031
3-9 E #61.0 3,210 1.093
3-13 H 22.3 2,%60 905
51 E 1.3 970
Av. F61.3 %1_9% 1.000

B-L L 5.2 903,250 AL
3.8 L +15.6 _5,2601950 1.696
3-17 L #15.2 | 1,600,TL0 833
Av. T15.3 1,922,300 1.000

35 L- bg +15.0 200,810 .380
3-10 I~Ha b 15,6 842,700 T8
312 L-Ia zb) 5.4 1 1,177,780 =903
3-.18 I~Hg b) +15.6 1,484,1 1.112
Av. E15. 926,?20 805

37 I-By b +15.6 700,710 602
3-18 L-E, b +15.3 800,720 671
S5 | Tm ! ﬁgs 700,700 &2
Av. t1 %:%% _.Elj-

bt P
[ ATe N (VI V]

& H, high streee only; L, low strees only; I-Hgy and I-F,, low strees first followed by high

ptrass (these two groups tested to Investigate cumilative-demage effect of short bursts of a very

= ulhoe

=

DMme was insufficient for dynamic reading.

Estimated stress 1s +61.3 ksi.

oc

¢62¢ HL VOVN
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TABLE 1.- COMULATIVE-FATYGUE-DAMAGE RESULTS FOR 0.064-INCH-THICK ALCLAD 758-T6 ALUMINUM ALLOY - Contimmed

(3) Fominal stresses, +16,000 and #17,000 psi

Load . Deviation
Spécimen | sequence g k:itress, Low Q‘TBB’ :bfailm-:o rattli: D 8 from average D,
(a) percent
Test group 24; cycle pattern, 760,000 cycles high to failure at low and
: 1,350,000 cycles low to feilure at high
6-2 H 7.1 1,532,990 0.891 10.9
6-6 E 7.1 1,928,870 1.122 12.2
g-llng H ;-1172 ;,182,125 1»687 3.3
- i 1. ,gﬂ,gﬂ .299 29.9
Av. 0172 1,719,630 1.000 72
6-4 L $16.2 | 2,718,000 1.115 3_1.2
6-7 L 6.2 | 2,012, .826 17.
6-8 L £16.3 2,436,020 .999 1
6-10 L $6.2 2 1.060 6.0
av. 863 | 2,537,6%0 1.000 B3
6-3 H-L, +17.0 6.1 | 1,922,180 .919 2.2
6-9 H-L 7.2 (v) , 250 33 50.8
6-13 B-L H7.2 6.3 2,757,270 1.261 66.4
6-17 H-L HT.L 116. 1 . .8
Av. 7.2 3 | 1,542, 3.
6-5 I-H 7.1 6.1 | 1,719,880 .T769 13.6
6-11 L-H $17.2 6.3 2,270,570 1.089 22.4
6-16 I-H +17.2 6.5 | 1,480,430 .630 29.2
6-19 L-H 117.5 %f_g 2 280 1. 20.
Av. HT.3 1,927, . 21,
Test group 25; cycle pattern, 500,000 cycles high to fallure at low and
1,000,000 cycles low to failure at high
13-2 H +17.3 2,285,000 1.615 61.5
13-4 E #7.2 1,042, . 97% 2.3
13-10 i +17.3 1,383,520 . 2,2
13-14 B $17.3 . .1
Av. 7.3 1,1k, 1.000 30.
13-3 L #16.35 | 2,084,990 1.077 7-7
13-8 L +16.3 | 1,444,320 .Th6 25.4
15—% L tﬂlgl’: 1,119,280 .578 k2.2
13- L . 1.599 .
Av. BB.%F | 1,935, 1.000 %ﬁ
13-5 H-L 7.1 6.3 1,800,850 1.025 12.0
13-7 B-L +17.3 6.6 1,60%,860 .92 1.0
13-11 H-L 37.3 +16.3 | 2,02 ,i'(o 1.1 eh.7
13-17 H-L . ¢ 570 15.1
Av. E’Ti'g '(ﬁa"ﬁ 1,587, -915 8.9
13-6 I-H 117.3 +16.3 2,371,140 1.%86 30.8
13-9 -E £17.5 ﬂﬁ-z 1,549,380 -905 20.3
RO | S | B .82 & 23
13- L-E . . . .
Av. THT. E‘E 1,578,020 1. 1

2 H, high stress anly; L, low strees only; H-L, high stress first followed by low stress, etc.;
I-H, low stress first followed by high stress, etc.

bgpecimen failed prior to application of lower load.
CSpecimen failed at night.
dgpecimen failed prior to application of higher load.
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(e) Dominel stresses, 116,000 and +30,000 psi

Load Deviation
Sosciza | sagunce | FORZEes, | Lo stess, | Gulasto | Cumlstiedames | gl o,
- (a) parcent
Test group 265 cycle pattern, 300 cycles high and 9,600 cycles low
r b: § +30.2 54,600 1.200 20.0
hid H 130.8 ,270 .85 15.3
266 1 0.0 hor o9 e ore
16¢ H . - 10..
Av. T300 E“h—s, 90 1.600 3.2
b3d L 6.1 1,k22,k10 “T55 2h.7
st L 6.2 1,994,020 1.056 5.6
of L 6.2 2,132,800 1.129 12.9
1of L 6.3 2,263,680 1.199 19.9
17 L 6. 1 680 .86 13.
Av. 3 1,888,720 000 E%%
or H-L +30.4 £16.3 760,080 1.0% T
ar H-L 130.6 6.2 820,090 1.1 7.2
13¢ EB-L 130.5 +16.5 T20, 1.042 2.0
18¢ H-L 130.5 +6. %9,100 1.01 4.
Av. 130.5 6.3 5,090 1. 3.
L L-E 0.7 ﬂﬁz 699,630 963 6.7
s L-E +20.8 6, 139,930 1.025 g
14t L-H 130.4 +16.3 T49,900 1.038 .
9t L-H +%0.8 $16.4 1.103 6.9
Av. BJ0.T BHEE 7,290 I.052 BT
Test group 27; cycle pattarn, 600 cycles high and 9,400 cycles low
Ala-18 H 129.9 5645 1.039 3.9
Ala-lh : ¢ +29. %:i11 1.028 2.8
et 2 e = 28 53
Av. %‘B :%,% 1:000 t}:E
Ala-16 L #6.1. | _21,482,650 1551 3.1
Aa-h L +15.8 g,hoo . 25.8
Py 3 0ot 1 zm’soo 1'?1‘ 26 s
L . . .
av. B30 Lw&% 1000 E%%
Ala-2 E-L +30.1 6.2 670,330 1.164 13.3
Ala-11 HB-L +29.9 6.1 520,030 .901 12.3
Aa-3 g—% '129-2 g-g-o 540,3%0 1.939 B-g
Ala-17 -] . .0 103 .
Av. .0 BAY %% 1.027 %‘E
Als-19 L-E +20.0 6.0 629,770 1.088 16.7
Aa-T L-E +29.8 +16.0 590,020 858 9.0
Ah-gg L-H t29§ 3’3 339,460 @ ;
Ala- L-E . . . .
Av. . . 'y .§§ ﬂ_s
Test group 28; cycle pattern, 600 cycles high ard 9,400 cycles low
11 = +29.0 T 60,49 1.032 3.2
16 b:d +30.1 65,060 1.110 1.0
11k H X . 4.2
Av. E 3 1.000 1.3 0
1-2 L 5.5 1,364;040 613 32.5
1-9 L 2115-7 2;913;?80 1-9*&7 5-3
1-10 L 786,490 379 .
Av. T—.‘[%Z , 021,270 . 1,000 ‘éjs‘é
1-3 B-L 128.9 5.6 ,260 .88 24h.3
1-1 E-L tzg.g ﬂ5.a 10,570 .618 122
1-13 BL R 5. . .
Av. %3’ 5. A '?% HET
1-8 L-E +29.8 5.7 487,000 .718 .3
1-12 L-E +29.6 ﬂ5.2 479,700 .TLO0 .8
115 L-E .0 5. 0 . .
Av. R ﬂg.E % ‘% *_Z

‘H,M@mm;L,mmmly;H-L,M@MQﬁrﬂrmwmm, eto.;
L-H, lov stress first followed by high stress, atc.
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TABLE 1.- CUMULATIVE-FATIGUE-DAMAGE EESULTS FOR O.O064-TNCH-THICK ALCLAD T5S-T6 ALUMINUM ALLOY - Continoed

(e) Hominal streasses, +16,000 and +30,000 psi - Contimmed -

Load ) Deviation
High tress to Comlative-damags
Specizen sequence k::j.mu, m:xi' ’ Wmi\;m rag: D from averags D,
(a) perceant
Test group 293 cycle pattern, %0,000 cycles high to fallure at low,
H-L, and 300,000 cycles low to failure at high, L-H
9-1 h:¢ £29.5 53,400 0.939 6.1
9-5 ! 130.0 62,320 1.09%6 9.6
;;.:5{ g 429, 2 57,640 1.0k i..h
ar. B 2% pe 22
ﬁ L 5.5 5500 1.136 13.6
L 5.6 ,£50 T8 21.9
9-8 L 5.3 938,23 1.08% 8.%
9-16 L £15. 1.000 0
Av. E;.E %,oao T 000 o
9-7 B-L _$29.3 5.4 32k,060 1.035 28.1
9-11 H-L (v) 5.5 1,060,740 1.35 .6
9-1% H-L +29.5 5.3 159, ] 1.5
g—_g g—i- +29.2 35 3 N 5,020 1-515 5.2
. 2 | M E 1
9-9 L-E +29.6 *15.5 52k,100 1.007 .5
9-12 I-E *29.3 +5.5 525,080 1.025 2.3
o oH | B | 2| 2R 2
Av. 329, 5. 523, . Fmd
Teast group 30; cycle pattern, 50,000 cycles high to failmre at low
2-1 p: 4 +29.0 60,950 0.855 k.5
a-6 B +29.2 , 370 -959 155
g—;o g +29.3 85,910 1.205 agg
Av. 3 71,270 T.000 5.3
2-2 L 5.5 965,250 -637 6.3
27 - L 15.3 1,210,360 .99 20.1
o L s | oz v b
Av. T5.5 1,513,9% 1.600 ig:-(
2.4 E-L +29.% 5. 1,265,k 1.37L 3.3
2-8 L +29.4 5. 11#71:723 1.507 6.3
=3 ¥ =3 27 | e 3:2"%% 73
2- . A 1 .
Av. B Eg.a "‘1,337,% 1. T
Test group 31; cyecle pattern, 12,000 cycles high and 188,000 cycles low
15-2 H +29.8 , 670 1.137 13.7
15-6 H 130.0 35200 - 8.7
15-11 E £30.2 gg,itg 1.020 1.0
15-15 E . 941 .
Av. 5 'Sg,m 000 3
15-h4 L 6.2 3,849,310 1.k92 k9.2
15-9 L 6.3 2,01%,510 .18 2.9
15-13 L g&'} 2,6 ,855 1.}‘% m.i
15-17 L .2 1,61 - .
w. o3 | 23RS T.o60 B
15-3 H-L +29.7 H6.0 1,005,260 1.307 B
157 EL 0.3 116.3 ’sosig 85 79
i Bl B3| 22| B 5
av. 5. s | = —% e
15-5 I-E 430.2 6.6 594,580 659 9.3
15-10 L-H 130.2 +16.3 576:‘?8 .861 7.0
15-1’5 tsog gg-s 590, -601 1-%
15-1 L-E . . . .
. Av. .2 IB'E A _% e

& g, high stress only; L, low stress only; H-L, high stress first followed by low stress, eto.;
I-H, lov stress first followed by high stress, etec.
bOnlystatio loed readings were taken. Estimated stress is 129.6 kai.
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TARLE 1.- CRILATIVE-FATIGUE-DAMAGE RESULTS FOR O.06%-IECH-THICK ALCLAD T38-T6 ALUMINUM ALLOT - Contimued

(o) Bominal stresses, +16,000 and $30,000 pel - Contimed

Load Daviaticn
High stress Lov stress Cyclas to Cumlative-demage
Epecimen sequeace s ol failure ratlo, D froa averags D,
(a) percent
Test group 32; cycle pattern, 18,800 cycles lov and 1,200 cycles high
233 S 130.h 55,250 ,0.970 3.0
23-7T ): | 130.3 66,800 1.172 17.2
B 2 o3 ’é;% x4 %4
Ar. 1%2 1590 T.00 =i
23-1 L 6.k 2,028,330 1. .2
23.5 L ne.5 2,27, Tha tas
23-9 L 116.3 1,01%,730 .662 33.8
23-13 L g.; 1,218,810 . 20.5
23-18 L N 1,136,020 .E}. .
Av. '-L-TS‘E 555,900 .000 ﬁ.:.
23-4 H-L +%0.5 EST-R 600,500 1.006 1.5
23-8 B-L . 6.5 616,665 1.05L 10.0
23-19 H-L +30.% i‘lg.g §35,150 _g %.g
25-15 H-L . . - .
. 503 53 2 %57 HUT
23-2 L-H +30.% 6.5 566,050 B1 5.1
23-6 L-H 130.3 16.3 585,220 -970 7.8
23-10 L-E +50.2 16.2 579, .788 12.h
23-1% 1-H .1 116, _% 0.
Av. 3 . 5, B N
Test group 33; cycle pattern, 120 cycles high and 1,800 cycles lov
143 b: 4 +30.2 51,833 0.869 13.1
%7 H +30.1 39, <990 .9
1t1£ b3 +30.3 6&,% 1.083 8.3
141 H . 1. .
Av. %‘g %fs&s 'fg% ?51.0
11 L #16.1 2,147,520 1.013 13 .
185 L 6.3 2,822, 1.531 33.1
1;:8 L :112:2 1,8%,8% .86% 13.6
1412 L T .1 . 20.
Av. TI52 2,119, 1‘% H—Tg
1hh H-L 130.0 6.4 572,160 .666 1.3
14-18 E-L +29.8 6.1 500,140 582 1%.0
Wi BI =9 nes 280,00 _g 3
1k-15 H-L . . s .0
Av. -9 unE.2 555,130 ST 1
1k-2 L-E +29.9 16.1 ggg,suo .823 13 7
146 L-H 130.1 6.2 ,020 618 .9
1::9 L-E +30.2 6.2 :52,000 653 g:1
1k13 L-E . 45, -
Av. ﬁ%.% 5 y % .
Test group 343 cycle pattern, £0,000 cycles high and 80,000 cycles low
22-3 H 130.5 60,230 1.038 3.8
22-7 ):4 +%0.1 52,110 .898 10.2
22-11 h: | +30.4 60,?‘2 1.?3 ;g
2213 s 430.0 1.
Av. 3 %,m.o T.ooo T
22-1 L 16.% 1,701,580 ~T26 27.%
22-5 L 6.2 2,538,730 1.083 8.3
23 L Hen | Tese e i
3 Av. EB"E , 5%, T.o00 E."i
224 E-L +30.3 6.3 202,300 . 2.6
22-3 BL o5 ps2 200,160 & 1%
22-12 H-L 130. .6 202,840 807 3.9
2216 B-L . %2_% b1 20 - ;g_._g
2 N ﬁ, B R
22-2 L-B 130.% ﬂSg 187,830 548 9.4
22-6 L-E 130.3 6. 193,080 .638 g.s
&-13 L-H 130.2 3.2.5 185,& .56 18'7
22-1 L-E .1 . b1 K 3
Av. 3 {E'% 191,120 _% BE%

‘-"H,hi@stmuonly;l.,mmwly;!—L,highm-rmtfonwedbylcwm,m.;L-n,Jpvm.um
followed by high stress, ete.
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TAELE 1.~ CUMILATIVE-FATIGUE-DAHAGE RESULTS FOR O.OCk~THCH-THICK ALCIAD T58-TS ATDUMINUH ALLOY - Contimusd

(e) Hominsl stresses, 16,000 end 130,000 pai ~ Continmed

Losd ) Deviatian
High stress Iow stress Cycles to Cumlative-damage
Specimen sequence sl - 4 sl 4 frilure ratio, D from averags D,
(a) percent
Test group 35; cycle pattern, 2,000 cycles high and 8,000 cyclss low
20-3 " +30.% 5,280 1170 17.0
20-7 ):§ 130.6 1,330 875 12.5
20-11 b: 4 +30.7 ﬁ,}ﬁo 1.02% 218;
20-15 i1 . 020 K .
Av. %’% ,50 1.000 5.7
20-1 L 6.4 1,471,350 . TO% 29.6
20-5 L 6.3 1,674,560 .802 19.8
20-9 L ﬂSE 2,911,580 1.203 20.3
20-13 L +16. 1. .1
Av. TBE ,088,550 1.000 -
20-2 H-L 130.6 ﬂsg 190,920 896 6.7
20-8 -1 130.3 6. 181,3%0 % 2.3
20-10 H-L 130.5 6.4 160,710 . 10.2
20-16 E-L . 6.8 % _% 1.
Av. K HE.S 78, B L1
20-4 I-H +30.1 6. 158 .698 9.2
20-6 L-H +20.3 ﬂsg igg:g .7688 2.5
20-12 L-H +30.7 +16.4 ,050 .T6% .5
20-1k L-B .0 6.8 179,680 .8oh .2
Av. N HE6.5 170, o9 ¥§.§
Test group 35; ayole pattern, 200 cycles high amd 800 cycles low
16-2 H +30.6 60 1.087 8.7
168 T 430,k 58:@ 1ok 4.3
1&12 h:{ 30.5 5,680 993 .g
17 E . - 12.
Av. %og '52,030 1_% "3
16-5 L £16.6 2,68%,0% 1.268 26.8
16-10 L 6.3 2,215,280 1.0% h.g
g8 | f g | s | :
19 L . 1 . .1
Av. BB 2,115,900 e E2ox 3
16-5 B-L 130.5 6.7 162,120 .6h2 u.i
16-9 -1 130.3 6.5 igg,lﬁo 675 .
Fray] oL Bo7 e Be % 2o
E-L . R 1 . K]
ar. Bk EST 2 : :
16-7 L-H +30.3 6.5 198,920 .84 1%.0
16-11 I-H taoi H6.3 186,900 26 7.0
| o= o= oEm| 2
Av. %5 : ; i'_rg;% : '% S
Test group 3T; cycle pattern, 4,250 cycles high and 245,480 cycles low
17-1 b: ¢ 130.4 86,580 1.024% 2.5
17-5 H +%0.% =%,610 .988 1.2
17-6 E +30.% ,080 9719 2.1
17-13 H .1 1.009 .
Av. N 55,270 1.000 E?I
17-3 L 6.2 1,722,320 1.647 64.7T
17-7 L 135.8 592,250 .528 k1.2
17-11 L 6.2 825,150 .T89 2.1
1715 L 6.0 1 1.0% .6
Av. 6T 085,920 1.000 2
17-2 H-L 130.4 6.3 839,160 1.09% 16.2
17-10 H-L 130.2 115.8 1,251,210 1.60% 22.8
17-1% E-L 130.1 6.1 1,00%,430 1.32% 1.5
17-17 H-L .0 5.6 1.201 8.0
Av. 2 -0 ;011 I35
17-8 L-H +30.1 115.9 1,038,310 1.28% 10.2
17-12 L-E +30.% +6.2 992,990 1.195 2.4
17-16 L-B +30.3 +6.0 1,11%,8%0 1.357 16.5
17-18 -B %_% .2 210 . .2
Av. B BT , N N

Bn,hi@smsaoaly;z.,lwstrgs

stress first followed by high stress

I3

only; H-L, high atress first followed by low stress, etc.; L-H, low

25
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TAELE 1.- CUMILATIVE-FATIGUE-DAMAGE RESULTS FOR O.064-INCHE-THICK ALCLAD T58-T6 ALUMINUM ALLOY - Concluded

(e) Nominal stresses, 16,000 and 130,000 psi - Concluded

Zoad | . Deviation
Specimen | sequence Highk:‘jlfress, Low :st;eas, Cycles to Cumnlritti.:-dgmge from & D,
(a) percent
Test group 38; cycle pattern, 1,750 cycles high and 98,250 cycles low
55 H 130.3 52,620 0.959 L 1
5-9 H +30.2 55,400 1.010 1.0
o : | B | 23| i
. 0 .01l 1.
av. 303 %355 1.000 )
5-6 L 6.3 792,160 .180 52.0
5-11 T 6.2 | 1,238,870 -T5%0 25.0
5-15 L 6.0 | 1,858,7% 1.126 12.6
5-18 L #16.1 | 2 180 1.644 6.4
Av. T2 | 1,651, 1.000 B85
5-T H-I, 130.2 6.1 | 1,248,660 1.;.22 2.7
5-10 H-L +%50.1 6.1 | 1,458,3% 1. 19.%
5-1% B-L +30.0 +6.2 1,200,120 1.099 2.5
5-19 H-L 130.3 H6.L 987,700 =907 _é-j}._z
Av. 30.2 ez | 1,253,710 1.127 0
5-8 IL-E +29.9 H6.0 | 1,236,%0 1.119 17.9
5-12 L-E +%0.2 +16.2 946,550 851 10.3
5-16 I-H +30.2 +16.1 | 1,089,110 .968 2.0
5-20 L-H 6.1 . .
Av. 30.2 |61 | 1,057, -G49 ESLI.o
Test group 39; cycle pattern, 485 cycles high and 24,517 cycles low
19-1 H +30.6 ,040 0.957 3
19-5 H +30.1 ,090 .864 13.6
19-9 H 130.2 61’%8 1.3.162 16.2
19-13 H ?2-2 54, 1. 1.
Av. £30.2 53,320 1.000 }.9
19-3 L 6.k | 3,021,420 1.563 46.3
19-T L +16.5 2,031,220 .98% 1.6
19-11 L H6.4 | 1,223,4%0 593 0.7
19-15 L 6.2 |12 () _-960 k.0
av. TB.L | Z,06%, 1.000 5.2
19-2 B-L £30.6 #06.% | 1,041,980 .875 5.%
19-6 H-L +30.6 1+16.6 1,173,590 .98% 6.3
19-1)(: H-L :30.1 E.g.j 1,049,020 .8 E.o
19-Y E-L .1 . 1,1%0,0 gﬁ .1
Av. B30% m‘% 1,103,6% .925 5.2
19-L L-E +29.8 6.2 | 1,048,270 .869 .9
19-8 1-E +30.0 #6.6 | 1,168,500 .972 10.8
19-12 L-E +30.5 6.4 | 1,049,6%0 873 E
19416 L-H L 6.2 _% .
Av. T30.2 BEEF | 1,055,130 . LR

2 H, high stress only; L, low stress only; H-L, high stress first followed by low
stress, etc.; L-H, low stress first followed by high stress, etc.
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TABLE 2,- SIWMAHY TABLE FOR O.O054-TNCH-THICK ALCLAD T5S-T6 ALUMINUM ALIOY

27

pat Averags stresses, Cycles to Average deviation |Cumilative-dammgs |[Average deviation
Cyale ksl failure of life, percent ratlo, D, of D, percent
i >
kreat {Cycles of Single- Dual~ A At R an.
rouwp |, 2F at specimans load load Tow High- Tow- +
higher | lower tested specimen | specimen Bﬁf‘ stress | stress | (averngsd valves)| BE-I® L-E®
stress,] stress, e 88, | strees, specimens | specimens
g oL t ||| ™ | B EIP | L
Bominal stress amplitudes, 150,000 and 140,000 psi
He.6| .5
1 | 7,000 20,000 142.91130.7] +30.7| $30.6{13,070 | 535,160 7.1 6.2 1.137 jo.s19 7.3} 6.2
$Hhe.6] k1.8
2 10 Lo 41,8431 4| 431.7| +51.5[15,%00 |48,1h0 3.9 3.5 798 {1.00% 0| #.9
He.9| He.8
3 | 1,000 &,000 8 the.9|30.71 +3.2| 31.213,0m0 | 53,160 7.1 5.2 LGl | LosT 5.4 ] 3.8
He.p| the.1 i
5 |i0,000 | ho,000, 16 tho,1[431.6| +7.7| +31.6 [1%,630 |45,220 4.2 3.8 1.00T 1.035 19.6| 6.4
0.8| 0.8
5 10 %0 8  [tho.h[430.2{ #30.7| £30.7 16,670 | 52,390 5.4 .7 .896| .o0% +.3]| .2
B3| By
6 100 900 16 1.6 [£30.9| +30.8| £30.9 16,170 |%9,960 .7 6.4 .900]| .991 6.1| 7.3
H.6| 1.k
T ]1,000 9,000 16 Lk 83 0] +30.9| +30.8 3,250 [ 50,910 3.9 7.1 1.109| .8aL 7.3 | ¥9.2
H.5) th.>
8 20 30 19 41,5430 4| $30.2] $30.1 05,350 {b7,590 | 310.3 +12.3 .T65| .689 4.8 110.0
+H1.8| 1.8
9 200 %00 16 1.9 3.1 3.1 | £30.9 5,430 | 57,080 6.5 .0 .528| .868 16.5] 3.4
H1.6| H.3
10 2,000 3,000 20 H41.6 [£50.9) £30.9| +30.7 5,270 |5%,080 8.8 .6 .TH6| .9%0 +11.1 [{135.5
ITo failure . BT |———e
11 1,000 | at low 12 . 7[£31.0| 311 |- [13,290 49,480 7.9 6.6 1.096 [——— L1 (5 SR
Todnal stress amplitudes, 130,000 and 160,000 psi -
-tﬁog +60.9
12 10 90 16 [£60.7 [£50.0| +29.8| +29.9{ 3,180 |60,290 | H1.h tik.0 .816} .879 8.7 $.9
+59.6 | +59.%
13 10 S0 17 1459.8[130.5| 429.6 | +29.5] 3,010 |45,250 9.6 3.8 -729] .85 #8.513.0
231 571.3
14 10 9% 17 [£57.5[+28.% g,s +28.3| 5,600 | 12,700 5.6 H1.4 .T6h}§ .805 7.3 1.7
59.7| 8.9
15 10 90 16 [59.7|229.4 | +29.% | +29.2| 3,800 |64,310 | H12.B 6.1 .896) .823 1.8| #7.8
160.1| $60.5
16 100 900 16 [£59.9|£30.0| +29.5{ +30.3{ 3,440 | 98,270 6.7 .0 1.039 1015 5.0H1.3
+60.8 | £60.9
17 | 1,000 9,000 16 +61.0[%29.9] +29.8] +29.7| 3,260 | 62,960 6.9 5.2 1.160 [1.150 15.2| Hh.T
+60.5| 60.8
18 | 1,000 | 24,000 16 [£60.3 [429.5| +29.5| t29.5]| 3,490 | 66,360 16.9 +11.8 1.023| .870 3.1 2.7
+60.0| +60.%
19 100 2,400 16 +60.1[129.5| +29.7| £29.6| 2,060 {57,750 .7 5.2 1.089|1.145 19.0| 17.8
CH61. 4 [CH6L. b
20 500 | 37,500 16 [E6L.4[E30.9| 130.5| £30.6| 2,150 |47,210 5.8 7.6 1.055| .S0T 16.0| 3.3
R R
-1 100 7,500 16 [62, 4 [£30.9| +30.7| £30.8} 2,730 |50,990 16.9 *T.1 .900| .963 8.8|117.0
1:603 [c+60.3
22 (a) (a) 16 [£60.3 .31 £29.4 | £29.5| 4,050 (71,880 5.5 8.2 1.07%| .T08 13.2] 2.8

8 H-1,, loeding pattern in vhich highsr stress wvas applied first.
b 1§, loading pattern in vhich lower stress was applied first.
CPime wvas not sufficient to meagure dynamic stresses. Valne given is that of single-load specimens of sams test group.
4 1,500 high to failure at low and 40,000 lov to failure at high.
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TAHLE 2.- SIMMARY TASLE FOR O.OG4-INCE-THICK ALCLAD 75S-T6 ALIBINEM ALLOY - Conclunded

Averege stredges, Cycles to Average deviaticn |Cumulative-damags [Average deviation
Cycle pettern Xl fodlure of 1ifs, parcent ratio, D, of D, percent
Luzber
et el el IS I P P R I p R
groap specirens 1w n B18 I.-B.b
iresn, | struns, | POt | T | WO | atrnas, | wtrens, | 2O e | (STortend vaten)
2 oL HIL x-LBII.-nb H-IP[L-Eb
Hominal stress azplitodes, £16,000 and 60,000 psi
0.663 19.1
23 (o) () 13 161.3185.5] (2) | (2) 2,9%0/1,922,300| 6.2 Ho.h —] .806 ——— | 32B.2
Bominal stress amplitodes, £16,000 and 117,000 pel
172 ﬂga
2k (c) (=) 16 +17.2[016.2[46.3[126.k [1,719,630(2,53T,650| 1.1 8.8 0.738| .890 3.8 1.k
[wr.3|ars
25 () (v) 16 |RT7.35]86.% ﬂgi ﬂ}-h 1,51k,5%0 1,935,890] #30.8 135.8 +515|1.136 8,9 [1438,1
Nowdnal stress amplitodes, 416,000 and 430,000 psi
130.5{430.7
26 koo 9,600 17 1+30.6|H16.2 6. 314216.5|  55,49011,888, 20| #13.2 5.4 1.063]1.052 W 5.6} 3.7
[£30.0]£30.0
14 600 9,400 16 [29.8/415.8[£16.1[115.9]| T2,830)1,035,800] 3.k 130.2 1.027| 932 fo.k| 8.3
tzgg +29.8
28 600 9,500 12 129.6|f15.6 1415, 5| 415.6]  58,600{2,021,270| 9.3 125.2 61| .T26 #6.31 +.6
+29.4]+29.%
29 ) (¢)] 17 129.6|115.5[115.k|115.5| 56,850| 857,020 5.5 im.o 1.5%0|1.002 127.8| 4.k
[To failnre 28,6 ——
30 |k0,000 | =t low 12 [+29.3|415.5|45.5—-| T3,270|1,33,950| +10.2 8.7 1528 e 16,7 |o—emem
+30.2[430.2
3 12,000 | 188,000 16 $50.1|116.3 |[116.3[416.4|  69,220[2,579,480| +7.3 +29.7 «907| 603 22,1 4.6
130.5|130.3
32 | 13,200 | 18,800 | 17 }-t;o.h 6. % ’-rus.:s 16.3| s6,99][1,%3,500] 8.6 | 2. P17 500 11| 6.3
+29.9]430.0
33 120 1,880 16 rao.l [K16.2|116.2|136.1|  =9,660|2,119,65%0] 7.0 Hur.2 677 .23 $7.1| +7.8
* [430.2[+30,3
3% |20,000 80,000 16 rx.; 6.4 |416.51416. 8]  58,010|2,3%%,250] 5.1 22,7 .TT7| -605 3.2] #12.0
[£30.6|130.5
35 | 2,000 8,000 16 [£30.7 (126 .k 116, 5{416.5|  47,290(2,088,%5%0 . 19.7 k.7 +8k0| .769 5.1 4.9
[430.4 1303
6 200 800 16 rao.h I116.5|416, 5| £16. 56,0%0|2,115,900| 6.5 419.6 .67 .688 3.1 $10.5
[30.2(430.2
51 | k2o | 245580 | 16 pso3[nbafab.opnby|  s,emln,oisgeol HLT | sk 1.306|1.163 12,1 14,6
+30.2|+30.2
38 | 1,70 98,250 16 [£50.3 H6.2)416.2|16.1|  3%,850(1,65,2%0] 2.1 8.5 Laz7| k9 +11.0| £10.0
+30.5[420.2 . %J
39 483 eh, T 16 2{H6.5 16065  53,320]2,08%,T60| 8.9 23,2 . .BTT 3.2} 15.h

% H-T, loading pattern in which higher stress was spplied first.

b L.H, looding pattern in vhich lower siress vos applied first,

© L-Hy, 100,000 low + 500 high + 100,000 low + 500 high, then to failurs at low; L-By, 100,000 low + 100 high + repeat
to failure.

ftﬁl.;amﬂaspaiuthqﬂ.epatmz..mmmjmmhmuthqﬂapattammg. The valus 361.5 is thet of
single-load specimens of same test group, as time wvas not sufficisnt for dynsmlc reading.

8 760,000 high to failure at low ard 1,350,000 low to fallure at high.

B 550,000 high to failure at low and 1,000,000 low to failuore «t high.

igpecizan failed yrior to application of higher load. (See group 25, tabls 1(d).)

J 40,000 bigh to failure at ov and 500,000 lov to failure at high.
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TARLE 5.~ CINULATIVE-FATIGUE-DAMAGE RESULAS FOR 0.032-INH-THICK ALCIAD 248-T5 AMD ALCLAD 758-T6 ALUMINGM ALLGY
Emimlsh'aam,ﬂG,Oooamtso,OG)paj]

. {2) Alcled 248-T3 aluminum alloy

Load Deviation
Speci B.tghx:itrew, 1ow ;'ti-eu, Cycles to c\m.'l;g.:-d;m@ . D,
_(a) parcent
Test group %0; Ksan stress, 0; cycle pattarn, 11,960 cycles high asnd 188,040 cycles low
5-2 :4 130.20 63,380 1.105 10.5
56 : 4 +30.66 l33,6340 1. -3
5-12 H +30.01 , 400 . ].E.G
5-16 i . 60,020 1.046 .6
Av. N 5"(:'556 T.000 I3
54 L +16.37 2,707,960 1.255 2%.5
59 L 6.3 1, ,370 -837 16.3
B-ig L +16.26 2,%:2, zzg —g :GLE
3 L 115. 2 . .
Av. a 2,155,250 1.000 unz.3
5-3 H-L 130.00L 115,96 610,410 1.065 4.5
5-8 B-L 130.46 :16.& ) %g B.g
513 H-L £0.53 15.92 397,590 . 23.
520 EL . 256, 1 % 17.0
Av. 130, .05 y -
5-5 1-E +30.66 $16.00 395,850 516 9.2
5-10 L-K 130.%53 115.91 564,680 .665 17.1
5-15 L-E +30.70 6.13 538,610 695 20.6
5-17 L-E +30.50 +15.9% m,;gg 16;3_5[ 16.4
5-19 L-H t;o.gg g.zz 588, . 21.0
T L-E . . .
> . Bot TEot 13 5 :
Test group 41; mean stress, 20,000 psi; cycls pa , 8,260 cycles high and k1,750 cycles lov
6-2 b: 4 13T 34,850 1.16% 16.4
2:8,’ H :31.53 ,680 _?3 1;2
1 S . - .
Av. I%g' 29,950 T.000 0.3
6-6 L +16.66 318,700 1.25 5.1
2:;1 L gﬁo 235,150 -923 1'r-7
T L 5 210 - .
Av. EE"E " T.o00 TIZ—‘){'
6-3 H-L +3], 216.%9 10%,860 1.052 9.5
69 H-L tﬂ.ig ﬂs.gg 102,250 .95k .2
6-12 H-L +31.65 H6. 101,190 .9 3.9
6-13 H-L 6. 100 . 6.3
Av. 131 B y . -9
6-7 L-H +51.9% +16.28 100,250 .881 3.5
6-10 L-H -512; +6.6% 99:550 865 1.6
g:lg L-H 137, ggz; 99,570 .866 1.2
1 L-E . . . .
Av. %g . 'y T% B3
Test group 42; mean stress, 0 cycle pattern, 21,910 cycles high ard 78,090 cycles low
T7-3 H 130.96 53,660 0. 0.k
T-7 H 1+30.96 36:100 1.& h.e
T-13 ¢ +31.15 5090 874 12.6
T-15 B 13.29 é,% 2.087 8.
Av. 3309 53, 1.000 5
75 L tlSz; 1,587,980 -983 1.7
7-9 L 6. 1,768,730 1.095 9.5
T-13 L gl{r 1,9#9,% 1.208 gg.a
1T L . 1,1%z 73 )
T Av. . »61%,590 .000 B
T4 EL 130.96 +15.87 206,370 1.029 15.7
7-8 E-L 130.5h +16.23 202,630 .959 7.2
T-16 H-L +%1.548 3.2.53 12;,310 .8%0 lh.
19 E-L .12 . 11k,110 . .
4 Av. %}1.65 20 161,110 _.E :EI%%
1-6 I-E +%0.82 H#6.27 190,% 56 6.0
T-1k L-B +30.96 +16.57 195, .825 18.9
T7-18 L-E +31.49 g.ﬂ 189,210 .70 2.3
-2 I-H . . X . .
T w. 55 Hedo s e :

8 H, high stress only; L, lov stress cnly; E-L, high stress first followed by low stress, etc.; L-H, low

first followed by high stress, ete.

g
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‘TABLE 3.- CMULATIVE-FATIGUR-DAMAGE RESULAS FOR 0.032-THCH~FHICK ALCLAD 248-T3 ARD ALCIAD T58-T6 ALDMINUM ALLOY - Continued

(a) Alclad 24873 aluminmm alicy -~ Concloied

Load Deviation
Specimen sequence m@kﬁr&u, Tow ::;eaa, Cycles to Cumlr:g:-d;mga ’ D,
(a)
Test group §3; mean stress, 20,000 peij gycle pattern, 15,110 cycles high amd 9,890 cycles low
12-2 p: ¢ +31.55 23,380 0.826 17.%
126 B 4 .55 25,090 922 ;.8
12-10 H +31.%9 33,410 1.180 18.0
12-1% p:d 8 1.012 ﬂ'%
Av. 3132 , 510 3.000 R
12-% L +16.28 186,860 93T 6.3
12-8 L +16.3% 199,240 1.000 0
12-12 L g.m 202,010 1.003 i.}
1227 L . 1 1. .
wEER | B b= B
12-3 H-L +3.51 +16.02 34,500 .919 16.2
12-7 L 131.26 #6.27 38,330 1.055 5.8
12-11 E-L M. -ﬂﬁzg 5,770 1.229 12.0
12-16 E-L 1%% 16, k 1. .8
Av. EG'% S 110 .097 .0
12-5 L-E 31.5 16.351 48,120 1.100 6.2
12-9 L-H 131.09 116.24 , 370 1.109 5.5
3| o 2% | R | 88| 1B i3
Av. 31: EST , 500 -1:173 Er
Tost group b4; mean stress, 03 cycle pattern, 25,500 cycles high to failure at low
1-2 b:4 131.59 " §3,170 1.023 2.3
11-8 h: ¢ 13.35 42,610 1.010 1.0
i | 23 g | i &
Av. %% Ef% T-000 E
n-7 L 6.1 1,2;{,900 .818 12.2
11-13 L 115. 2,603,550 1.293 29.3
ﬂ:g i 35.98 2,121,510 1.055 223
Av. "5 2,013, '1':000§ TS’r:
n-6 E-L 3.8 +H6.11 1,139,150 1.153 R
-9 E-L 13.48 116.19 696,690 935 %7
me | B 22 | BF | B8 | 157
Av. ?51:52 Hg'g’ ,019, " ﬁ%
Test group 45; mean stress, 20,000 pai; cycle pattern, 23,550 cycles high
failure at low and 176,440 cycles low to failure at high
1-2 H 130,36 , 580 0.840 16.0
1-17 H 30.5% T, 550 1.226 22.6
= - - T 7 i
. i 35 i)
1-5 L ;12.12 3,660 8 17.;
1-1% L . 975 2,
1-9 L ﬂﬁﬁ 2981223 1.019 1.9
1-19 L ﬂg.gg 680 1.186 18.6
Av. 2L 25,1 1650 0.2
15 E-L £30.55 +16.% 82,500 .808 22,3
1-12 H-L 130.55 116.63 162,630 1.08L 3.9
| B 22 | 22| 2R in
1- H-L . . . .
Av. %% 16.65 150,570 - .
1-6 I-H t}o% -:-.1637 178, %40 .65% 1.6
1.10 L-H +30.4 H6.47 »T10 .38 .3
1416 I-E +30.54 g-& ﬁ,am ggg gg
1-20 L-H . . 1 . .
Av. 5T E‘g 161,790 . T80 N

& H, high stress only; I, 1w stress only; H-L, high stress first followed by low stress, etc.; L-H, lov stress

first followsd by high stress, eto.
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TABLE 3.~ CUNULATIVE-FATIGUE-DAMAGE RESULSS FOR 0.032-THCH-THEICK ALCLAD 248-T5 AND ALCIAD T5S-T6 ATUMINDM ALIOY - Continued

(b) Alclad T53-T6 alumimm alloy

Load Deviation
stress Yov gtress to
Bpecizen sequence e : o Groles ® o I frow average D,
(a) percent
Test group k6; mesn stress, 0; cycle pattern, 9,200 cycles high and 1%0,800 cycles low
30-2 H 130.55 37,270 0.916 8.%
H +30.59 38,600 .48 5.2
30-10 H 130.59 g,gro :L.g;.g gg
30-20 H . 6% 1 .
Av. 55 , 700 1000 B8
%0-4 L +16.16 1,01,9,22 92 8.8
30-?2 L Eg.lh 1,022, .91k B.E
30~ .22 1 100 L1Th 17.
Av. H6.IT If%gfa_oa 1.000
30-7 H-L +£30.T0 +16.18 399,150 1.010 8.9
30-11 H-L *50.36 ﬁ.eg 262,520 1.285 16.0
30-15 H-L . .22 1 1. .1
Av. BT I6.10 'é‘,% 1—% T
30-9 L-H 130.6' £6.37 g{h,goo 1.167 15.8
30-13 L-E . ;‘2'5 13’6?0 1.064 5.6
30-21 I-B . . . 21.2
av. B FEs R % E ]
Test group 4¥7; mean stress, 20,000 pai; cycle pettern, 6,200 cycles high apd 68,800 cycles low
28-2 h:4 +30.45 34,070 1.000 [}
28-8 : ¢ +30.21 34,130 1.001 .1
g:l.g H :l:ﬁo.gl 35,240 1.03% 3.5
H . -965 .
Av. %‘F‘g }}%:% 1.000 :I-.'L.g
28-5 L 15.63 587,140 1.246 %6
28-10 L 13.59 133,750 1. 56.2
28 | i 2e | 2 £ X
Av. 3. 0,100 .00 ok
28-3 H-L +50.28 5. 71 226,820 1.037 3.4
H-L 1%0.76 115,90 156,530 -829 16.%
gi; g:g 150222 35.78 g,zﬂag Jl-:057 3.4
av. 5% 5. 209,10 fgo% 3
28-6 b 130.51 mg ) 298,370 1.264 16.8
£28-11 I-H +30.28 5. 231,750 1.051 3.8
28-17 L-H 130.63 +15.80 £23,110 .928 1h.2
L-H R gl 1 1.1
Av. T30, . B I, B0
Test group 48; mean stress, 0; cycle pattern, £22,%00 cycles high and 52,500 cycles lov
33T b:¢ +29.50 ,040 1.242 2h.2
3314 :¢ +31.36 5,110 1.00% R
33-18 b9 +31.18 ho k; <52h 1.6
33-13 E 130.93 f .609 39.1
33-5 ¢ .06 gé,% 1.2 22,1
Av. B0.59 3, 1.000 #08.7
vy i Y | TRse o e
33-9 L .17 1 1.
53;_.;1? L as.87 1,503,060 o5 3.8
Av. 5.8 1,352,200 1000 1:2.%
33-3 H-L 31,34 +16.61 92,690 .936 R
33-8 H-L 430,99 +16.50 92,810 . 75% 2.0
3 | = he | B3 | 2= - 23
Av. B : 91,970 '% 73
33-6 L-E 13110 $15.92 135,610 .Th5 5.7
33-11 L-H 13.03 5.8 134,500 g 8.9
33-17 I-H 130,95 +16.01L 142,1%0 . 12,3
33-21 L-H H6.21 X .508 2.
Av. 1059 5,700 .70 ?i.%

& J, high stress only; L, low stress only; H-L, high stress first followed by low stress, etc.; L-H, low stress
first followed by high stress, etc.

et e ——— e - - =
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TABLE 3.- OOMILATIVE-FATIGUE-DAMAGE EESULTS FOR 0.032-TCE-TRICK ALCIAD 24S-¥3 AND ALCIAD T5S-T6 ALUMINUN ALLOY - Contimued

(b) Alcled 758-16 aluminmm allay - Contimusd

Iozd Deviation
fpecimen £equeance Mx:?a“' Low &m, Cyales to cumlr:g.;j-d;nan from aversge D,
(a) i pexrcent
Test group 49; mesn stress, 20,000 pal; cycle pattern, 12,320 cycles high and 62,680 cycles lov N
26-1 H 130.%0 30 0.96% 3.6
255 = tso.fs ,,;328 1123 12.3
26-12 E 130.55 35,520 1.063 6.3
26-18 b: 1 %:,_% -840 1%.1
Av. 130, N 000 .
26-3 L 5.8% 526,620 1.116 1n.6
2.9 L us, 534, Tho L% TR
2 x by e o %3
Av. 'E;;% 71,570 1000 05,2
26-2 E-L ﬂo.g 45.87 153,870 1.171 26.0
267 EL 30, 115.85 87,110 . 2.3
B-L 130.38 115.85 10%,600 o2 2.5
26-19 B-L .60 s, 80,080 . 26.
Av. 55 5 '1‘06?@' .29 .
26-4 L-E 130.34 s, 147,050 . 17.8
2510 = 30,25 15,6 186,70 % T
26-13 L-H -50.21 gg.'zﬁ ms,g -6; %’r
o6-21 L-E . . 13, - 1
Av. %fé 140,000 7% T.2
Test group 505 mean stress, 20,000 psi; cycle pattern, 22,500 cycles high and 52,500 cycles low
253 H 130.79 20,850 0. 26.3
237 H %0.28 3,190 1. 13.8
gj?l IKI 130.35 &:g 1.157 ]?..Z
Av. X )y f% .
25-8 L #%5.90 %08,630 913 8.7
25-11 L 416.03 :?8,610 b u.l'
25-13 L 3.5 ,950 1.
25-19 L 5. ¥ . L0
Av. e T.% .
235-h B-L +50.75 45.99 8,510 1.057 1.6
25-10 B-L 30.23 5.8 83,240 1.20% .3
25-1% HE-L 130.78 +15.95 89,:10 1.he2 a5.7
E-L . R 10 . N
256 L-H i30.71 +15.91 129,210 1.092 10.k
£3-12 1-H t}o.;( 3,57 132,310 1.200 1.9
5% | o & 25 | 2R | P it
L- . R .
Test group 5l; mean stress, 0} cycle pattern, 19,500 cycles high {0 failure at low
.2 H 30. 30 0.8 18.
n-5 E t}og ﬂjgg 1. 5
-9 h: ¢ +30.46 ho'aa i..].oa 12.8
RN-17 B . b, . .
-1 L Hne.n 1,341,870 856 14k
3-T L #1591 2,028,090 1.29% 29.%
n-10 L ;15.86 1,768,520 1.128 12.8
N-12 L . . N
o O3B | T T oy
3 BE-L 130.35 15,85 815,120 1.021 9.8
A EL 0.5 116.06 1,086,510 1 3.1
n-6 E-L 130, £6.11 1,040,730 1.& 2.8
-1 E-L +%0.%6 11%.70 0'%5,780 963 12.5
=) H-L +30.28 5.5 1,06%,180 1.186 &Y
311 B-L t}oiz 115.69 1,362,480 1.576 20.8
3-15 H-L 430,51 +1%5.56 1,009,280 115 1.1
3n-18 E-L +30.60 +16.16 4o ‘i‘.% ;g:-j
Av. R HED ,070 °

© H, Mgh stress cnly; L, low strass only; E-L, high stress first followed by low siress, atc.; L-H, low stress
first followsd by high stress, etc. .



TAELE 3.- CUMULATIVE-FATIGUE-DAMAGE FESULTS FOR O.032-INCH-THICE ALCIAD 248-T3 AND ALCTAD T58-TS ALUMINUM ALLOY - Conoludsd

(b) Aloled 758-T6 slumimm alloy - Concluded

Load Deviation
tre les to Cumilatd

peotmen | somace | DRI | lorstes, | oder s ative-cmst | pron averags D,

(a) parcent
Test growp 52) mean atress 20,000 psij cyele pattern, 18,900 cyclea high to failure at low
z0.% H 130,57 28,860 1.118 11.8
32-p : +30.61 27,070 1.049 k.9
32-12 B +30. Es 13,150 .Th2 2%.8
3217 H 130. 28,1 1.041 .1
Av. 130.55 25,3%0 1.000 E%_g
32-5 L ’ ' +15.73 189,580 .990 1.0
3p-6 L 115,94 591,950 1.196 19.6
32-g L ﬁj.&r i.hl,re(g .898 1o.g
32- L . .o .

Av. ﬂ%% E§,77o 1,000 1%'3
3e-L H-L £30.59 +16.04 185,7% 1.069 2.3
32-11 H-L 130.45 £15.9% 195,1 1.088 4,1
32-18 H-L +%0.95 +16. gg 218,600 1. % 8.7
%2.19 E-L 30, +15. . 15.0
Av, . E‘I%R 173,% 1.05% 7.5

2 H, high stress only; L, low stress only; H-L, high stress first followed by low stress, etc.j I-H, low stress

first followed by high stress, etc.
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™HLE L. - SDOARY PAELE FOR 0.(%2-IEDE-THICK ALGTAD MATERIALS
Eu-:uul stToos oxplitcdas, #15,000 and 450,000 g-'i]

to dsviation |Comolatd: Al dovistion
Oyole pattarn Average, Shrosoess e P el i wid e B percemt
Nomirml Tumbor . _ L,
o [ e | argon |22 | e | o | | | e (27,0
group |strase, | pygher Lemmer spacizens specioan specimen bigh ptrees stresa L E-1R o
pal strans, | stress, | tosted 't’;;"-' ’nu;“’ apocimens | rpscimans |(averagsd yalues)
i " K L | BA | LEP E-18 | 1
0.0%-1nch-thick mlelsd 24873 alusdinmm alloy
130,40 [150.62
0 11,950 | 108,080 18 $30,30 | 416, 21 | 416, 0% 516, ok 57,560 {2,185,250] 7.6 1,y 0.T%2 |0, 568 1. % 119.5
191,64 |43,
20,000 8,260 R, 7ho it} H3L. 65 416, 67| 116,61 ﬂsﬁ 29,5%0 | &=k, 8% 0.9 16,7 953| J0mL th.o| 13.5
0 e,0 | 78,090 16 |fmooinis. el 6 %0 [5E %o m 660 [1,6m,550] 6.3 | s .809| .69n +11.8|417.6
31, 23
0,000 | 15,110 9,890 16 {31,382 [216, 53 ﬂsg E‘.u 20,310 | 199,3%0| #1R.6 5,1 1.097{L.175 110.0| 5.8
To failure 131,58 | e
] 25,500 st dow 12 291, %9 |#16, 00| £16, 13 [———e—=|h2,000 |2,013,060| 12.1 7.3 1,056 |~ Pl J—
20,000 | 25,%%0 | 275,00 16 [30.36 41621 mg h30.97(28,790 | egs,ato| HLL3 0.2 1.0h| .ThO #1.1| 6.0
[to fadiluralto fuilure 1+16.63 [£16.61

at low u.'bh:‘id:

0.0%2-1nch-thick nloled T58-45 alusimm allay

150, b7 0. 18
] 9,200 | 1ko,800 13 30,58 |$16.17| 416,10 |8156, 25| %o, 700 [1,118,%00| 5.8 1.6 1,108(1,008 110.7 k.2
20,90 [£30. &4
k0,000 6,200 69,800 16 150 kk (415, 76 415, Bl 415, &1 | 4,080 | b7L,100( 4.8 +ho.l 1.003 (108 i8.2| 5.0
331,10 %, 16
o 82,00 2,500 17 530, 59 (€16, 00| £16.28 H15.95(43,500 [1,522,e00| H1B.T 18,8 899 .90 7.9 7.3
ke lam ame ~o Ao £0n i bz tmisam E?:'E m.m LG 71 50 +9.% Han.p 810 +k.5lHT.2
& [PyRN LBy VAL p WA e [ & 717 | ke o Wl | ke o I |l e e [ e § it M g e = /= -~ H
130. 57 [£30. 5T
= (20,000 | 22,%0 ", 500 16 150,60 |15, 91| 415, BT [, 77| 28,280 | Wy7,810| 3.8 16.% 1,1082|1.96 417.0| 5.9
To fallurs , 130,45 [« mmee
nlo 19,900 at low 16 30, b [ 425, 05 415, 85 |~ m e | 5T, 580 |1,567,160| 5.2 0,1 . — 18, 0| e
To fallmes (40,69} —mv| - . o I L=
52 0,00 | 18,50 ab low 1 130,55 [£13. 87 [ 815, 96 | ~wrem-| 25,810 | ho%,TTO| $12.9 9.8 1.085| =—mmm 7.5 mmmmm

8 H,, losding pattern in wirich highwr siress was applied first.
b IH, loeding pattan in ¥iich lower stress was applied first.
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TAELE 5.~ COMPARISON (F COMUTATIVE-DAMAGE RATTCB D HESULFTHO FROM TEIT
QROUPS USIMG COMBARABIE PATTENN RATIOS <

¢62g NI VDYN

Cumiintive-damage
ratio, D,
Test Mean ( Material Metarial Pattorn ratlo, e, Z ng ‘Z -
gtress, alclad alimimm- thicknass, DH/5H
group X ‘ +
psi alloy sheet) in (nEmE) + (n:_[ mI) i} i
(averaged values)
H-18 I~
51 o Alolad T56-T6 0.06k 0.70% 0.907 0.603
40 0 Meled 2h8-T% 032 g .T92 .B58
41 20,000 Alcled 248-T% 032 . 952 B
16 0 Alclad T58-T6 .032 .6h2 1.208 1.008
47 20,000 Alcled T5E-E6 032 555 1.005 1.082
-l ey s _9_a rEa Al A ey ey
T U ALCIAU [ JB~I0 « UOR +YLU <0l -
L2 o Alcled 25853 | 032 894 .889 694
L% 20,000 Alclad 2h8-T% 032 915 1.097 1.17%
18 0 Meoled 753-T6 032 9;:_2 .899 790
ko 20,000 Alalad 758-16 052 . .52% .80
30 0 Alolad TH8-T5 064 nEK 14fe gt H 1,518 -_——
to failmrs at L
ky 0 Alclad £48-T3 0% 60% 1life at H 1.096 ———
- to fadilure st L
b5 20,000 Aloled 243-15 032 61% 1ife at H 1.0ho «Tho
to fallore et L R
18 0 Aloled 798-B6 052 5ok 1ife ot H 1.1%0 ———
to failwrs at L
52 20,000 Acled 75816, 032 3% 1ife ot B 1.045 ——
to failure at L

% F-1, loading pettern in which higher stress was applied first.
bbﬁ,lmdingpattmmﬂﬂ.uhlum,utr&uma;ppliodfimt.
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Streas, pai

80,000

60,000

0,000

20,000

Young's modulus, Yield sgtress, Ultimate stress,
Curve| Matarial 5l ol pal
Tenelon |Compression | Tension |Compression| Tension |[Compression
1 [0.064-1n. 10,21 x 108(10.26 x 105 176.10 x 103(68.40 x 103|77.80 x 103| —ememee
slolsd T5B-T6
2 0.032-in, [10.10 0.26 70,75 66.20 ————
alclad TS8-T6
.032-1n. 0. 10.26 50,07 hl,at  [66.84 | ;eeem—eaa
elclad 2k3-T%

8train, in,fin,

Figure 4.- Stress-strain curves.
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All dimensions are in inches.
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Figure 5.~ Design of specimen.
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105 [
1.4
O High stress first
A L3 A Tow stress first
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Figure 8.~ Cumulative-damage ratio versus length of cycle pattern.

D= (Z UH/NH) + (Z DL/NL) where Dy is the number of consec-

utive cycles applied at the higher stress, ny, 1s the number of

consecutive cycles applied at the lower stress, and NH and NL

are the averaged cycles to fallure at the higher and lower stress
levels, respectively.
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(b) Nominal stresses, +30,000 and 60,000 psi.

Figure 8.- Continued. °
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Figure 8.~ Concluded.
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Figure 10.- 8-N diegrem of 0.064-inch-thick alelad 75S8-T6 eluminum-alloy
represents a group of tests, normally four (table 2).
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Fxtreme specimens for esch H-L test group
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Figure 11.- Cumulaetive-demege ratlio versus cycle patterns for 0.032-inch
Nominal stress emplitudes, +16,000 and 30,000 psi.
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Figure 12.- S-N diagram of 0.032-inch-thick alclad 248-T3 and alclad T58-T6 éluminum—alloy

sheet.

Each point represents a group of tests, normally four (table k4).

64



